I hereby certify that this correspondence is being deposited with the United States 
Postal Service as first class mail in an envelope addressed to: Commissioner of 
Pa-tents and Trademarks, Washington, D.C. 20231, on f'^lT^^'Z^ 

(Date of Deposit) 


CGNE-69 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of ) 

) Examiner: P. Rhodes 
Thompson et al. ) 

) Art Unit: 1804 
Serial No. 07/494,106 ) 

) THOMPSON DECLARATION 
Filed: March 16, 1990 ) UNDER 37 C.F,R, 1.132 

For: PLANT STEAROYL-ACP ) 
DESATURASE - COMPOSITIONS ) 
AND USES ) 

Honorable Commissioner of 

Patents and Trademarks 
Washington, DC 20231 

Dear Sir: 

I Gregory A. Thompson declare as follows: 

1. I am a co-inventor named on the above referenced 
patent application. 

2. I have read and understood the McKeon et al. 
references that were cited against the instant application in 
the Office Action which was mailed on June 22, 1992. 

3. The following work was conducted by myself or by 
others under direction and supervision. This work 
demonstrates that the protein preparation described in the 
McKeon et al. references contained a major protein 
contaminant that interfered with isolation of a desaturase 
CDNA. 



• # • • 

4. Stearoyl-ACP desaturase was purified to apparent 
homogeneity as described in Example 1 at pages 25-28 of the 
application. The preparation was evaluated by SDS-PAGE 
analysis on a 10% acrylamide gel, and a prominent 43 kD band 
was observed. 

5. Protein sequence information was obtained from 
digestion of the desaturase protein preparation with trypsin 
and endoproteinase gluC, using methods known in the art. The 
protein sequence obtained in this manner was used to design 
synthetic oligonucleotides for use in probing a cDNA bank. 

6. The DNA sequence of a clone, 4-4, isolated by 
hybridization to a synthetic oligonucleotide to the 
"desaturase" protein sequence was determined. The sequence 
was compared to an NIH sequence data base by computer aided 
analysis using the IFIND Sequence Data Bank Searching Program 
(Intelligenetics, Inc.; Mountain View, CA) . Exhibit A 
documents this analysis. Notebook page 63 (David Shintani 
notebook S588 013) reports the discovery of homology to a 
sunflower albumin clone. Pages marked as 2-6 of Exhibit A 
document the computer search results, the sunflower albumin 
sequence, HNNG5ALB2, which had the highest matching score, 
and the DSAT4-4-8 query sequence used in the search. 

7. The desaturase preparation was subsequently 
analyzed by reverse-phase HPLC as described in Example 2 of 
the application at pages 28-29. The chromatograph resulting 
from this analysis is shown in Exhibit B (notebook page 75) . 
Notebook page 76 in Exhibit B documents that the smaller peak 
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which eluted at approximately 29 minutes is designated 
preDESAT, and the peak eluting later in the gradient 
(approximately 44 minutes) represents desaturase and is 
designated DESAT. 

8. Amino acid analysis of the protein in the DESAT and 
preDESAT peaks was conducted, as shown on notebook pages 77 
and 83 in Exhibit 2, As shown on page 83 in Exhibit B, the 
amino acid composition information was used to determine the 
amount of protein in the preDESAT (39.7|ig) and DESAT {64.6fig) 
peaks . 

9. The preDESAT peak was verified as containing the 
albumin protein contaminant from which amino acid sequence 
was obtained by comparison of the amino acid composition data 
discussed above to amino acid composition data from the 
protein encoded by the isolated albumin cDNA. 

10. The amount of albumin and desaturase in the HPLC 
peaks on a mole basis may be calculated as the amount of 
protein in the peak divided by the protein molecular mass. 
The Kortt et al. reference attached hereto as Exhibit C 
demonstrates that sunflower albumin proteins range in size 

' from approximately 10-18 kD. A similar range is expected for 
the related saf flower albumins, and indeed if the saf flower 
albumin proteins had been larger, they probably would have 
been detected by SDS-PAGE analysis of the desaturase 
preparation. Thus, the conservative estimate of IBkD was 
used as the molecular mass for albumin in determining the 
molar amount of this protein. The molecular mass of 
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desaturase used in these calculations is 41.2kD, as 
determined from the cDNA. These calculations indicate that 
at least 50% more albumin protein than desaturase protein was 
present in the "desaturase" preparation on a mole basis, 

11. Therefore, the desaturase preparation, which 
appeared to be homogeneous, was in reality a mixture in which 
albumin, not desaturase, was the major component on the basis 
of mole percent, and the presence of this major protein 
contaminant interfered with isolation of a desaturase cDNA. 


I declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issued thereon. 
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QUERY = DSAT4-4-8 

QUERY-FILE = DSAT4-4.seq, DNA- PARAMETERS, 

WINDOW-DNA = 20, WORD -LENGTH -DNA = 4, DENSITY-DNA = LESS 
FAST-DNA = YES, GAP -PENALTY -DNA =4 


INDEX DIRECTORY 
1 nih: 


FILE 

SEQUENCE 

LENGTH 

(1) 

hnn.nih 

HNNG5ALB2 

L=2299 

2 

(1) 

yscs .nih 

YSCSNFl 

L=2587 

4 

(1) 

ysp.nih 

YSPRSK 

L=653 

2 

(1) 

phvCnih 

PHVHRGPA 

L=1113 

2 

(1) 

cog. nih 

COGCUTA 

L=1749 

2 

(1) 

ysp.nih 

YSPREPDG2 

L=3964 

2 

(1) 

yscrs .nih 

YSCRSCATB 

L=212 

1 

(1) 

wht .nih 

WHTGLIAG3 

L=1753 

0 

(1) 

yscrn.nih 

YSCRNR2 

L=2094 

J> 




(1) 

wht .nih 

WHTGLIABB 

L=3043 

0 

(1) 

wht .nih 

whtglnb" 

L=3179 

0 

(1) 

wht .nih 

WHTGLIABD 

L=3310 


SCORE 


7 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


0 

(1) tom.nih TOMHRGP L=279 

9 

(1) bly.nih BLYB3H0RD L=954 

9 * 

(1) wht.nih WHTGLIA L=1152 

9 

(1) wht.nih WHTGLIABC L=1156 

9 

(1) wht.nih WHTGLUIDG L=3095 

9 

(1) bna.nih BNASSPB L=713 

8 

(1) bna.nih BNANAP L=718 

8 

(1) wht.nih WHTGLIGP L=798 

8 

(1) wht.nih WHTGLGAP L=2450 

8 

(1) wht.nih WHTGLUMPS L=2915 

8 

(1) bna.nih BNANAPA L=3289 

8 

(1) brn.nih BRNWSP L=621 

7 

(1) wht.nih WHTGLIGRl L=684 
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DEFINITION 
LOCUS 
ACCESSION 
SOURCE 
ORGANISM 

KEYWORDS 
REFERENCE 
AUTHORS 

TITLE 

JOURNAL 

COMMENT 


Sxmflower HaG5 gene for 2 S albumin storage protein. 
HNNG5ALB2 2299 BP ds-DNA PLN pre-entry . 

X06410. 

Heliemthus annuus. 

Heliemthus annuus; Eukaryota; Plemta; Sperxnatophyta; 
Magnoliopsida; Asteridae;; Asterales; Asteraceae. 
albumin; storage protein. 
1 (bases 1 to 2299) 

Allen, R.D,, Cohen, E. A., Vonder Haar,R,A., Adeuns,C.A., 
Ma,D.P.,, Nessler, C.L. , Thomas, T.L. ; 

Sequence and expression of a gene encoding an albumin storage 

protein in sunflower 

Mol, Gen. Genet. 210, 211-218 (1987) 

STANDARD simple automatic 


EMBL 

features not 

translated to GenBank features: 

key 

from 

to 

description 

PRM 

771 

774 

CAAT box 

PRM 

832 

837 

TATA box 

SITE 

858 

858 

CAP site 

MSG 

888 

1462 

exon 1 

IVS 

1463 

1653 

intron I 

SITE 

1989 

1994 

polyA signal 

FROM 

TO/SPAN 

DESCRIPTION 

888 

1462 

HaG5 

protein 

1966 

HaGS protein 


728 a 

505 c 

453 g 

r 613 t 


FEATURES 
pept 
1654 
BASE COUNT 
ORIGIN 

Found by IFIND in nih:hnn.nih (SHINTANI ;22:25] 
HNNG5ALB2 

gaattctatcactagtgaccaccccatccccttatttcaataatggaacacaaaaaaaattttaaaaaat 
agttgctgttaattgtttaaccgtcattttccaacactttactagctaatcgttaattgatcttcataaa 
aaaaaaaattgctatgggtactattgagattgtatatcttatcagttaggcctaagggggcggtcagtga 
tattacgaatgatacaaacatcaacgcgtggaacattacaaattcctatccccacctccaagtataacgc 
gtgtttgttccacggtttgatgattccgtaattttttcaacgccgtgatggttttttttttttttttttt 
tttgatggtaattgttggttggggggaaattattgggtatggtgttgagtgatgaccacccccactaaaa 
aaggttgtgagtgatgtaaaaatggttgctgacatgacgaaacataattggatattgtgagtgataaaat 
tttatcattagtgaccaccccgcctccccttatcatatgttgttatcttccatagttgcggtataccaac 
tataggtagtttttatatttatagtttatattttcattaaactctcttcgccaggctactgtattgtaat 
ctataggaatctcaactccacttggaccatccatcatatatttccatttccaaacaaagagaattgacac 
ctcatacatactccaaagcatacttccacttgctataattttcatgtaaaaactcgtacgtgttattcga 
caatgttcatataacgccaccgattaaactcacctctccacgtatgaacctccacccaccatatatacgc 
accaccaccacaccataattcacacaaccacaacaccatctcccacaatggcaaagcaaatagttctcgc 
actcgctttcgccgcccttgtagcctttgctaccgcccacacaaccataatcaccaccaccatcgaagac 
gagaacccgatctccggacaaaggcaagtgagccaacggatacagggacaaaggctgaaccagtgtcgca 
tgttcctc.cagcagggtcagaacattcctcgcgaattcgataaccctcagatggggcggcagcaggagca 
gcagctccagcagtgttgtcaagagctccaaaacatcgaagggcagtgccaatgtgaggcggtgaagcag 
gtgttccgagaagcccagcagcaagtacaacagcaacagggacggcagcttgtacccttccgcggttcgc 
agcagacccaacagttgaagcagaaggctcagattctccctaacgtatgcaaccttcaatcaagacgatg 
tgaaatcggaaccatcaccaccaccgtcaccgagagcaatatcgatatccccttccgtgacaggcccttt 
ggcactggatcacaacagtgcagagaaactgaaatccaacgacccgttggtgaatgccaaaggtataata 
tactgtaggaaattcataaacatttctttaatatatttatataatgaaaacctacgtattaaatattaat 
gaactatatatgttcttttatatataaataaaaaccctactatgtccttagaataatgaaaaccctatgt 
attattaatcaacaacatatcttctaatgacgatttccaacaggttcgtggagcagcaaatgcagcagtc 
Tccgaggtccactagaccataccaacagcggccaggacaacagcagcagcagcagagagggctccaacaa 
caatgctgcaacgagctacaaaacgtgaagagggagtgtcattgcgaggcaattcaagaagtggctagga 
gagtgatgaggcagccacagcagcagcagcagcaacgtcgtgggcagttcggtgggcaggagatggaaac 
cgcgaggagggtgattcagaatctgcccaaccagtgcgacttggaagtccagcaatgcacaacctgtacg 
ggatgatgtgaagtatgaaggagctataaataaaggagtggcatctctagtcgttggaggtctttgactt 
tgagatgcagggagggtagtttctcctttctaataataataagaataataatgacttgatgagccacaaa 


tgtgtacttatagctcatgtgtaatcgttgctttcatgttatttttgatatgttgaatggcacaaatgag 
tgatttaatgcccatgaaaaatctcaaacttaggttcttaaagttgattaatgcccaaaaaaaactaaaa 
agtgttgaatttaatgtcaaaattcaatggataattctagccttagaaataagtttaaal 
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; DSAT4-4-8 Written [ROSE 


8:57] 


DSAT4-4-8 

CACCACCATCACCACCACCACCACAAACCATCCAAAATGGCAAAGCTCATAGTCCT^ 

CCACCCTCCTAGCCCTCGCCTCCGCGCACCGAACCATCGTCACCACCACCATCGAAG^ 

CAACCCTAGGTCGCAACGAGAACAACAACAACAGTGCGGGCGACATCTCCA^ 

TGCCAGACTCACCTCCAACAGCCGGATCAAACCCAACAACAAACCCrcCAACAG^ 

GAAACGTCGAGCAGCAGTGCCAGTGTAGGGCCGTCAAAAAGATATTCGGAGAGGTTGCTC 

GCAGCAACAAGAAACTGGACCITITGGTTCACAGCAGATC 

CAAACCAATNCAACCTCCAAAGCGGAAGACAGTGTGGATTAGGAGCGGGGGAGAGTNCCGGCAGA^ 
AAGGANGGCAGTTTAAl 
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LOW MOLECULAR WEIGHT ALBUMINS FROM SUNFLOWER SEED- 
IDENTIFICATION OF A METHIONINE-RICH ALBUMIN 

Alexander a. Kortt and J. Bruce CAtowELL 

CSIRO. Division of Biotechnology. Parkville Uboratory. Melbourne, Ausiralia 
IRtctirtd 30 January 1990) 

Key *ort Mtx-Helianthus armuur. Compositae; sunflower albumins: amino add compositions: methionine-rich 


Abstract^jThe small M proteins of sunflower seed {Helianchus annuus) are soluble in 60% (by vol) methanol These 
protems, classified as albumins on the basis of their solubility in water, were isolated from a sit ex rac of sunflV^^^ 
seed by Pr^/^?«atmg the I IS globulins with 60% (by vol) methanol and were resolved into eight distinct ?ompon^^^^^^^ 
oy reversed.phase HPLC Electrophoresis showed that each fraction contained a single polypeptide charS an 
apparent .Vf, m the range 0000-18000. The individual sunflower albumins are basic prSteins^'Ji dSct am^ 
ac|d compositions. The major albumins (4.8) contain high contents of glutamine/glutaiEic acid. as^SLS 
acid, arginine and cysteine, characteristic of the IS dass of seed storage proteins. One exception wj the s^a^^ 
giutamme/glutamic acid content of albumin 6. Two of the sunflower albumins (7 and 8) wifh V/ MO(XX)T« 
methionme-nch proteins containing 16 residues per cent methionine as well as eight residues per cent cysteinTTTiS 

;nese two albumins using a reverscd-phase Sep-pak cartridge is described. 


INtTlODUCnON 

Storage protems are major components of seeds and in 
general are characterized by a high percentage of 
glutaminc which provides a source of nitrogen for the 
developing seedling [I]. The seeds of most dicotyle- 
(^onous plants contain two major protein classes, 
jjiobuiins and albumins, which are distinguished on the 
basis of solubility [2]. The 7S and IIS globulins of 
nutritionally important legumes and oilseeds have been 
extensively studied. The albumins arc a more diverse 
group and arc usually classified as *2S' proteins. Recently 
a family of 2S proteins has been recognized whose major 
role appears to be that of storage proteins [3]. These 
small albumins which are rich in cysteine, arginine, 
glutaraine and asparagine, have been reported to occur in 
many species of oilseeds [3]. They are devoid of protease 
mhibitory activity, but some are reported to be allergens 
[4. 5]. The major albumins from several seeds, including 
castor bean [6], rapeseed [7]. yellow mustard [8] and 
Brazil nut [9] have been characterized and shown to be 
structurally related [10-13]. This family of albumins is 
related to the wheat 25 albumins and CM-proteins, and 
mhibiiors of trypsin and a-amylasc from cereals [14]. 

Sunflower seed contains two major protein classes 
having sedimentation cocflicients of ca I IS and 2S, with 
minor species of 7.8S and 18.15 [15-17]. The major 115 
globulin (heiianthininL an oligomeric protein of .W, 
^300000 with a subunit structure similar to that of 
other lis globulins like pea legumin, has been studied 
extensively [18]. 

The sunflower 25 albumin fraaion, which constitutes 
--20% of the total seed protein, is basic in nature and 
nch in cysteine with a high content of i-helix struaurc 


[19]. Fractionation on Scphadex G-75 and CM- 
Scphadex C-50 showed that the sunflower seed albumin 
fraction contained at least two components [20. 21], 
which were not funher characterized. Because the sun- 
flower albumins contribute to the nutritional value of 
sunflower seed meals and protein isolates, it was of inter- 
est to characterize this protein fraction and to establish 
its relationship to other 25 proteins recently described. In 
this paper we describe a method for the isolation of the 
sunflower seed albumins and their fracuonation by rever- 
sed-phase HPLC into eight distinct components. Amino 
acid analysis of these components revealed the presence 
of two sulphur-rich albumins containing ca eight residues 
per cent cysteine and 16 residues per cent methionine: 
A convenient method for the preparation of the major 
sulphur-rich albumin is described. 


RESULTS 

isolation of the sunflower albumim 

SDS-PAGE analysis of sunflower seed proteins extrac- 
ted with buffered SDS or buffered 0.5 M NaCI at pH 
8 showed two groups of polypeptides (Fig. I). The major 
group of larger Sf^ polypeptides {M^ 50000-650001 
which are disulphide-Iinked, corresponds to the subunits 
of helianthinin [18] the US globulin of sunflower. The 
less abundant group of smaller .Vf^ polypeptides (M, 
10000-14000) represents the 25 albumins. The addition 
of methanol (60% v/v) to a buff'ered salt extract quantit- 
atively precipitoted the globulins and other minor poly- 
peptides (Fig. la, lane 3) but not the albumins which were 
recovered by subsequent acetone precipitation (Fig. la. 
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Fig. 1. SDS-PAGE of sunflower seed proteins, (a) Samples analysed using ihc Laemmli system in the absence of 
2-meroptocthanol; Lane 1, buffered SDS extract of sunflower seed mcU; lane 1 buffered salt extract of sunflower 
seed meal; lane 3. globulin fraction; iane 4. albumin fraction (see L^perimcnialX Lanes 5-7 are the same samples as 
in lanes 2^ but run in the presence of 2-mercapioethanol (b) Samples as in lanes 1-4 in Fig. la analysed using the 
Tririne gel system [33] in the absence of 2-mercapioethanol. The values of the standards in the PM W kit arc 

the values reported [33]. 


lane 4). Elecirophoretic analysis showed that the sun- 
flower albumin fraction contained several components. 
SDS-PAGE, using the Tricine buffer system, showed two 
to three major components with apparent of 14000 
and ^10000 (Fig. lb). PAGE under non-denaturing 
conditions at pH 4.3 also showed that the albumin frac- 
tion contained a number of distinct proteins (see Fig. 4). 

Chromatography of the albumin fraction on a Waters 
/iBondapak column resolved eight discrete peaks referred 
to as sunflower albumins (SF.\) I to 8 according to their 
order of eluiion as indicated in Fig. 1 Peaks I to 8. 
pooled from several preparative runs, were further purifi- 
ed by rechromatography on a Vydac 218TP54 column 
prior to electrophorctic and amino add analyses. SFA's 
1, 3-6 and 8 each yielded essentially a single major peak 
on rechromatography, while SFA 2 and SFA 7 yielded 
two peaks (a and b) on the Vydac column. SFA 7 and 
SFA 8, the sulphur-rich albumins (see below), were separ- 
ated in mg quantities from the other albumins on a Scp- 
pak C,8 cartridge using conditions which selectively 
bound SFA 7 and SFA 8. The results of the Sep-pak 
separation arc shown in Fig. 3: with the Sep-pak equilib- 
rated with 50% solvent A/50% solvent B SFA's 1-6 did 
not bind (Fig 3al and bound SFA 7 and SFA 8 were 
eluted with 40% solvent A/60% solvent B (Fig. 3b). The 
fraction containing SFA 7 and SFA 8 was then 
chromatographcd on the Waters //Bondapak column to 
yield SFA 7 (Fig 3ct and SFA 8 (Fig. 3d). 

Elecirophoretic anaiysis 

Electrophoretic analysis at pH 8.8 showed that the 
sunflower albumins did not enter the gel and that they 
were basic proteins (pi > 8,8) as reported previously [19], 
At pH 4.3 each albumin component separated by RP- 
HPLC migrated essentially as a single discrete protein 
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Ftg 1 Revened-phase chromatography of sunflower seed al- 
buznios on a >iBondapak column (Waters) with a linear gradient 
of acetonitrile in 0.1% (v/v| TFA from 20 to 65% solvent B in 
20 min. The flaw rate was I mlinin*'. The peaks were collected 
as indicated by the bars. 

band (Fig. 4). Notably, SFA 3 (data not shown) and SFA 
6 (Fig. 4) were more basic than the other albumins. 

SDS-PAGE analysis, in the absence and presence of 
2-mercaptoethanol, yielded a single subunit with a char- 
aaerisuc apparent for each albumin, except SFA 
3 which contains a second minor band (Fig. 5). Reduc- 
tion showed that the sunflower albumins are composed 
of a single polypeptide chain and not two disulphide 
linked polypeptide chains as found for the 2S albumins of 
other seeds such as Brazil nut [13]. The isolated sun- 
flower albumins fall into three distina size classes (SFA's 
1-2. .vr, - 18000: SFA's 3-6, - 14000: SFA's 7-8, My 
^ 10 000) consistent with the assignment of the albumin 
bands in Fig. I. 
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10 20 
Ttme (nun) 

Ft^ 3. AnalyticaJ reversed-phase chromatography on a ;iBon- 
dapalc colufflfl (Waters) as described in Fig. 2 of the albumin 
fractions separated by the Sep-pak cartridge (see Experimental) 
and of purified SFA 7 and SFA 8. (a) albumin fraaion not bound 
to the Sep-paJc (b) albumin fraction duted from the Sep-pak 
*-ith 60% solvent B. (c) SFA 7 and (d) SFA 8 after preparative 
separation on the ;xBondapak column. 


hmiio acid compositions 

The amino add composition of the total sunflower 
jibumin fraaion was similar to that reported previously 
[19. 20]. The compositions of the eight albumins separ- 
ated by RP-HPLC are presented in Table I. 

As a group, the sunflower albumins are characterized 
by high contents of Glx, Asx and Arg» and a ^Cys content 
of four to eight residues per cent, a feature shared with 
the 2S proteins from various seeds [3], The individual 
sunflower albumins, however, show some interesting dif- 
Terences in their amino acid compositions. For example, 
the minor components SFA I and SFA 3 contain no iCys 
residues and SFA I contains no His, Phe or Trp but is 
nch in GIx (27%) and Gly (15.8%) residues. The two 
components of SFA 2, a and b, although similar in 
imposition are characterized by differences in His and 
Phe levels (Table 1). SFA 3 is charaaerized by relatively 
smaller contents of Lys (4.9%) and GU (117%) and 
fclaiiveiy larger contents of His (4.4%), Scr (10.8%), Val 
and ne (4. 1 %) than SFA's I and 1 The ratio of the 
' -75 nm to 290 nm indicated the presence of onlv Tyr 
•^^'dues in SFA's 1, 2 and 3. 

SFA 4 and SFA 5 are charaaerized by a large content 
^^Gix and Arg, and spectral analysis indicated that SFA 

^^ontaincd no Tyr or Trp residues while SFA 5 con- 
^ncd only Tyr residues. In contrast, SFA 6, one of the 
basic albumins, contains only 15% Glx, lacks His, 
^ and Trp residues and is relatively rich in Asx. Thr, 


1 2q 2b t S 6 7a 7b 8 

Fig. 4. Electrophoretic analysis of the purifled sunflower al- 
bumins at pH 4.3. The lane numbers correspond to the respect- 
ive albumins separated by reversed-phase HPLC as shown in 
Fig. 2 and in the text. 
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1 2a 2b 3 ; 5 6 7 8 

Fig. 5. SDS-PAGE of the purified sunfiower albumins in the 
absence of 2-mercaptoethanol using the Laemmli system. The 
lane numbers correspond to the respective albumins separated 
by reversed-phase HPLC as shown in Fig. 2 and in the text. 


Pro and Ala residues. The amino acid compositions of 
the two smaller sunflower albumins, SFA 7 and SFA 
8, are characterized by a large content of sulphur con- 
taining amino adds with 16 residues per cent Met and 
8 residues per cent iCys (Table 1). The compositions of 
SFA 7 and SFA 8 are identical and the two components 
of SFA 7 (a and b) separated on the Vydac 218TP54 
column had the same composition (data not shown) as 
the parent material Spectral analysis showed that SFA 
7 and SFA 8 contained both Tyr and Trp residues and 
sequence dau [22] showed a single Trp residue in SFA 8. 
Both SFA 7 and SFA 8 showed the same mobility on 
SDS-PAGE (Fig. 5) but a small difference in mobility was 


2808 


A. A. KORTT and J. a Caldwell 


Tabic K Amino add composition of sunflower seed albumins 



1 

2a 

2b 

Residues per 100 residues* Albumins 
3 4 5 6 

7 

8 

Total albumin fraction 

t : 

Lvs 

Zl 

10.4 

114 

4.9 

19 

1.0 

8.0 

4.1 

4.0 

5.2 

52 

His 

02 

0 

1.1 


OQ 

0.8 

0 

19 

19 

1.9 

\J 


7.6 

6.5 

6J 

70 

8 1 

11.4 

5.6 

6.6 

6.7 

7.8 

52 

Aix 

5.9 

7.1 

7.1 


4.7 

6.6 

10. 1 

8.8 

8.6 

7.8 

7.4 

Thf 

7^ 

18 

13 


1 0 

1 

tl 0 

1.0 

1.0 

4.1 

4.8 

Ser 

4.0 

8.8 

12 

108 

4.9 

3.1 

5.3 

4.6 

4.5 

4.9 

5.9 

GIx 

112 

17.8 

19.5 

117 

38.1 

31.3 

15 

19.4 

19.3 

20.6 

18.4 

Pro 

14 

3.9 

4.0 

7.1 

19 

7.9 

tl.6 

5.8 

5.6 

6J 

3.9 

GIv 

15.8 

17.8 

17.7 

13.0 

4.8 

5.0 

7.7 

5.1 

4.9 



Ala 

7.1 

4.2 

3.3 

6.2 

3.0 

17 

10.9 

3.1 

3.0 

5.4 

5.1 


0 

4.0 

4.4 

0 

5.6 

5.6 

8.t 

6.9 

6.7 

6.6 

6.6 

Val 


1 e 


4.4 

5.4 

6.1 

3.5 

11 

1.9 

4.1 

5.1 

Met 

l.l 

u 

1.7 

1.2 

a9 

3.2 

1.2 

14.7 

15.0 

4.5 

18 

Re 

1.2 

1.9 

l.l 

4.1 

3J 

52 

5.5 

3.0 

19 

3.6 

4.0 

Leu 

4.7 

4.0 

3.6 

6.4 

8.5 

3.7 

7.9 

9.1 

9.0 

6.0 . 

5.8 

Tyr 

1.3 

4.0 

4.6 

1.9 

0 

13 

1.2 

19 

3.0 

1.8 

1.9 

Phe 

0 

1.9 

0.9 

1.9 

19 

15 

0 

0 

0 

1.5 

10 

Tr? 

0 

n.d. 

n.d. 

n.d. 

0 

n.d. 

n.d. 

n.d. 

1.0 

n.d. 



•The values are from 24 hr hydrolysates and arc uncorrected. 

tAlbumin fraction isolated after precipitation of globulins with 60% (v v) methanol (see Experimental). 
JData of Youle and Huang [3]. 
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apparent on PAGE at pH 4 J (Fig. 4) suggesting a charge 
difference due perhaps to amide differences. The amino- 
terminal sequences of SFA 7 and SFA 8 (PYGRGRT) 
were identical. 

DISCUSSION 

The small Af, protein fraction of sunflower seed, which 
is soluble in 60% (v/v) methanol, contains eight distinct 
components which can be readily separated and purified 
by reverscd-phase HPLC Previous purification methods 
[20, 21] indicated the presence of only two components. 
RP-HPLC therefore provides a greatly improved 
method for resolving individual seed proteins compared 
with previous fractionation methods. For example, the 
2S protein fraction of linseed was resolved into six dis- 
tinct components by RP-HPLC (Kortt and Caldwell, 
unpublished data). 

The albumin fraction of sunflower seed contains four 
major (SFA's 4-6 and 8) and four minor (SFA*s 1-3 and 
7) proteins. Six of the sunflower albumins (SFA's 2, 4-8) 
are characterized by a large content of cysteine {5-8 
residues per cent), glutamic acid, aspanic add and ar- 
ginine. and in this regard they are similar to the 2S 
proteins found in various seeds [3]. The individual sun- 
flower albumins show some marked differences in amino 
add composition, the most notable being the absence of 
cysteine in SFA I and SFA 3 and the unusually high 
methionine content in SFA 7 and SFA 8. These mc- 
ihionine-rich proteins in sunflower represent ca 37% of 
the total albumin fraction and ca 7% of the total sun- 
flower protein. 

Comparison of the amino acid compositions of 2S 
proteins from various seeds [3] induding cotton, linseed, 
lupin, hazel nut, Brazil nut, rapeseed, castor bean and 
sunflower indicated only one spedes, Brazil nut, with 
unusually high levels of sulphur amino adds, in panicu* 
lar methionine. Recently, the 2S albumin from Brazil nut. 


which accounts for some 30% of the total seed protein, 
was isolated and shown to be a sulphur-rich protein with 
18 residues per cent methionine and eight residues per 
cent cysteine. The isolation of a methionine-rich 2S pro- 
tein from sunflower seed suggests that methionine-rich 
2S proteins may occur also in other dicotyledonous seeds 
albeit in smaller amounts. Methionine-rich proteins have 
been isolated from maize [23, 24] with a 10000 zdn 
containing 21 residues per cent methionine and three 
residues per cent cysteine [25]. These zeins. however, arc 
not related structurally [24, 25] 10 the methionine-rich 
Brazil nut 2S protein [15]. Struaural studies [7, 10, 11, 
13] have shown that the two-chain 2S proteins from the 
various seeds are related, and they are characterized by 
the conservation of the number and position of the cys- 
teine residues. These dicotyledonous 2S seed proteins are 
also related to the 2S albumins of wheat and inhibitors of 
trypsin and i-amylase from cereals [14] which are single- 
chain- polypeptides. In contrast to the other dicotyle- 
donous 2S proteins, the sunflower albumins are single- 
chain polypeptides. Sequence studies [22] have shown 
that SFA 8 is related to the other seed 2S proteins, and in 
particular to the methionine-rich Brazil nut 2S protein. 
Thus SFA S also belongs to the family of 2S seed proteins 
described by Kreis et ai [14]. 

As many of the major plant proteins, especially those 
of legume seeds, arc deficient in the essential sulphur 
amino adds, the discovery of a single polypeptide chain 
rich in cysteine and methionine raises the possibility that 
such a protein may be a useful vehicle for improving 
the nutritive value of plant proteins by genetic engineer- 
ing. The introduction into vegetative tissue of pasture 
plants of a sulphur-rich protein which also is resistant to 
degradation in the rumen is of particular intercsi [26], as 
it has been demonstrated that an increase in the supply of 
sulphur-amino adds such as methionine in sheep's diet 
significantly increases the growth of wool [27]. Spencer 
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er aL [28] have identified pea and sunflower proteins 
which are resistant to rumen fluid degradation in vitro. 
The sunflower albumins were resistant to rumen de^ 
gradation, and the meihionine-rich albumins SFA 7 and 
SFA 8 were particulariy stable under these conditions. 
These results suggest that SFA 8 is most suitable for 
' incorporation into transgenic plants, 

EXPERIME.NTAL 

Materials, Seeds of Helianthus annuus L cv Hysun were 
obtained from the Pacific Seed Co. The sources of other mater- 
ials were as previously described [29]. 

Isolation of the albumin fraction. Dry sunflower seeds were 
Sround in a Retsch cyclone mill (0,75 mm mesh), defatted with 
petrol and air-dried. Defatted meal (lOg) was extracted wiih 
0.02 M TES buffer, pH 7.8. containing OJ M NaO-l raM 
PMSF (500 mi) for 2 hr at room temp. The slurry was filtered 
through teryicne doth and cenirifuged at 13 500 y for 30min. 
The clarified extract was cooled to 0* and MeOH was added to 
60% (vv) (750 ml) to ppt. the globulins quantitatively. The ppt 
was recovered by centrifugation (13 500 5, 30 min) and tiie al- 
bumins were precipitated from the supernatant with McjCO 
(5.51) at -20' and recovered by centrifugation. The ppid al- 
bumins were dissolved in HjO and dialysed extensively against 
HjO. The pigmented residue obtained on dialysis was removed 
by centrifugation, and the soluble proteins were recovered by 
lyophilization. The yield was 20mgg-> of defatted seed mcaL 
Fractionation of the albumins. The albumin fraction 
(5 mg mi ' was dissolved in ai % (v/ v) TFA and centrifuged to 
remove insoluble material RP-HPLC was carried out at 45^ on 
a Watcn ;*Bondapak column (4.6x300 mm) or a Vydac 
218TP54 column (4.6x250 mm) using a TFA-acetonitrile 
gradicnL Solvent A was ai V. (v/v) TFA and solvent B was ai % 
(v/v) TFA-70% (v/v) aceioniirilc. All solns were fiJieied tiirough 
a 0.2 ;mi filter (Magna Nylon 66) and degassed prior to 
chromatography. The albumin components separated on the 
Waters ;iBondapak column were collected manually and the 
fractions from several runs were pooled and dried under vacuum 
at 50=. The individual components were rcchromatographed on 
the Vydac 218TP54 column prior to electrophoresis and amino 
add analysis. 

Preparation of the sulphur-rich albumins. The sulphur-rich 
albumins (SFA 7 and SFA 8) were separated from the other 
albumins in a single step using a Sep-pak Cj, canridge (Waters- 
Millipore). The Sep-palc canridge was equilibrated with 50% 
solvent A-50% solvent B and the albutnin fraction (25 mg) was 
dissolved in OJ ml of the same solvent and applied to the 
cartridge. The canridge was washed with the above solvent mix 
to clute non-bound protein which was collected in a 5 ml frac- 
tion. The sulphur-rich albumins were eluied with 40% solvent 
A-60% solvent B. Both fractions were recovered by lyophiliz- 
ation and 3.5 mg of sulphur-rich albumin fraction was recovered 
from a single run of the Sep-pak column. SFA 7 and SFA 8 were 
separated by chromatography as described above. 

EUctrophoresis. Polyacrylamidc gel elearophorcsis (PACE) 
*as carried out in 1.5 mm sUbs [7.5% (w/v) polyacrylamide] at 
PH 4.3 [30] and pH 8.8 [31]. SDS-PAGE was carried out in 
».5mm slabs [12% (w.v) polyacrylamide] as described in ref. 
[32] or in the Tridne system [10% (w/v) polyacrylamide] as 
described in reC [33]. The gels were stained with Coomassie 
Bnlliant Blue G in 7.5% (v/v) HOAc'50% (v/v) MeOH soln and 
<ietained in 7J% (v/v) HOAc/10% (v/v) MeOH. The of die 
albumins were estimated by SDS-PAGE using Phannada 
LMW and PMW standards. The apparent M;s of the PMW 
JUndards were those reponed in ref. [33]. 


Amino add analysis, Amino add composiuons of the proteins 
were determined as described previously [29], 

AmimMerminal seijucnee analysis. The amino-tenninal se- 
quences of SFA 7 and SFA 8 were determined in an Applied 
Biosystems sequencer using 1 nmol protein and the phenyl- 
thiohydanioin (PTH) dcrivauves were identified by HPLC. 

Specrrai analysis. Spectra of the albumins were detennined 
with a Hewlett Padcard 1040A photodiode-array detector con- 
trolled by an 85B microcomputer during analytical RP-HPLC 
of the albumins on a Vydac 2I8TP54 column using a Pcricin 
Elmer series 4 solvent delivery system equipped with the photo- 
diode-array deteaor. The ratio of the A at 275 to 290 nm 
indicated the presence of Tyr and/*or Trp residues in the pro- 
tdns. 

Acknowledgements-We thank Mr N. Banone for amino add 
analyses and Mr P. Strike for automated amino-terminal se- 
quence analyses. 
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